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,W LV ZLGHO\ NQRZQ WKDW WKH FRQYHUJHQFH RI SDUDOOHO
SUHFRQGLWLRQHG LWHUDWLYH VROYHUV LV VWURQJO\ DIIHFWHG E\ WKH
FKRLFHRIPHWKRGIRUGRPDLQGHFRPSRVLWLRQHVSHFLDOO\IRU
LOOFRQGLWLRQHG SUREOHPV >@ ,Q WKH SUHVHQW ZRUN WZR
W\SHV RI GRPDLQ GHFRPSRVLWLRQ PHWKRGV /%- /RFDOL]HG
%ORFN -DFREL >@ DQG +,' +LHUDUFKLFDO ,QWHUIDFH
'HFRPSRVLWLRQ >@ DUH DSSOLHG /DUJHVFDOH LOO
FRQGLWLRQHGPDWULFHVZLWKKHWHURJHQHRXVPDWHULDOSURSHUWLHV
GHULYHG IURP WKH +HWHUR' FRGH ZHUH VROYHG XVLQJ XS WR
 QRGHV  FRUHV RI WKH )XMLWVX 35,0(+3& );
Oakleaf-FX VXSHUFRPSXWHU DW WKH ,QIRUPDWLRQ
7HFKQRORJ\ &HQWHU 8QLYHUVLW\ RI 7RN\R >@ )LQDOO\ WKH
HIILFLHQF\DQGUREXVWQHVVRISUHFRQGLWLRQHGSDUDOOHOLWHUDWLYH
VROYHUV EDVHG RQ WKH GRPDLQ GHFRPSRVLWLRQ IRU LOO
FRQGLWLRQHGSUREOHPVDUHHYDOXDWHG
7KHUHVWRIWKLVSDSHULVRUJDQL]HGDVIROORZV,Q6HFWLRQ
 ZH RXWOLQH WKH WDUJHW DSSOLFDWLRQ DQG SUHFRQGLWLRQHG
LWHUDWLYH VROYHUV ,Q 6HFWLRQ  DQ RYHUYLHZ RI WKH WDUJHW
KDUGZDUHLVSURYLGHG,Q6HFWLRQVDQGWKHUHVXOWVRIWKH




7KH+HWHUR'FRGH VROYHV OLQHDU HODVWLFLW\ SUREOHPV LQPHGLDZLWK VLPSOH FXEH JHRPHWULHV DQG
KHWHURJHQHRXVPDWHULDOSURSHUWLHV)LJDXVLQJSDUDOOHO)(07KLVW\SHRIKHWHURJHQHRXVSUREOHP

































)LJXUH  3UHFRQGLWLRQLQJ LQ WKH
,/87p,d,t PHWKRG p OHYHO RI ILOO
LQ¶V d GURSSLQJ WROHUDQFH EHIRUH
IDFWRUL]DWLRQ t GURSSLQJ WROHUDQFH
DIWHUIDFWRUL]DWLRQ






HDFKGLUHFWLRQ Nx, Ny, Nz DQG WKHQXPEHU RI SDUWLWLRQV LQ HDFKGLUHFWLRQ Px, Py, Pz DUH VSHFLILHG
EHIRUHFRPSXWDWLRQ7KHQXPEHURIWRWDO03,SURFHVVHVLVHTXDOWRPx uPy uPzDQGHDFK03,SURFHVV

















PD[LPXP OHYHO RI WKH ILOOLQ p IRU ,/8 IDFWRUL]DWLRQEHIRUH FRPSXWDWLRQ7KXVERWKPHPRU\DQG
SURFHVVLQJSRZHU DUH XVHGPRUH HIILFLHQWO\ FRPSDUHGZLWK WKH WUDGLWLRQDO ,/87PHWKRG+HWHUR' 
VROYHV'OLQHDUHODVWLFLW\SUREOHPVDQGHDFKYHUWH[KDV WKUHHGHJUHHVRIIUHHGRP'2) u, v, w
ZKHUH WKH FRPSRQHQWV GHQRWH GLVSODFHPHQW LQ WKH x y DQG z GLUHFWLRQV UHVSHFWLYHO\ 7KHVH WKUHH
FRPSRQHQWVDUHWLJKWO\FRXSOHGWKHUHIRUHWKH\DUHSURFHVVHGVLPXOWDQHRXVO\LQE\uEORFNV
XVLQJPDWUL[RSHUDWLRQV>@7KLVEORFNZLVHPDQQHULVHIILFLHQWIRUSHUIRUPLQJPDWUL[RSHUDWLRQVLQ




,W LV ZLGHO\ NQRZQ WKDW WKH FRQYHUJHQFH RI SDUDOOHO SUHFRQGLWLRQHG LWHUDWLYH VROYHUV LV VWURQJO\
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(DFKRI3(3(GHQRWHVHDFK03,SURFHVVDQGHDFKQXPEHUFRUUHVSRQGV WR ORFDOYHUWH[ ,'RQ
HDFK03,SURFHVVSDUWLWLRQLQ)LJD
/%-EDVHG SUHFRQGLWLRQHUV DUHZLGHO\ XVHG IRU SDUDOOHO LWHUDWLYH VROYHUV 7KH\ SURYLGH H[FHOOHQW
SDUDOOHOSHUIRUPDQFH IRUZHOOGHILQHGSUREOHPVEXW WKH\DUHQRWUREXVW IRU LOOFRQGLWLRQHGSUREOHPV
ZLWKPDQ\SURFHVVRUVEHFDXVHWKH\LJQRUHWKHJOREDOHIIHFWRIH[WHUQDOQRGHVLQRWKHUSDUWLWLRQV7KH
JHQHUDOO\XVHGUHPHG\LVDQH[WHQVLRQRIWKHRYHUODSSLQJHOHPHQWVEHWZHHQ03,SDUWLWLRQV>@)LJ
E ,Q WKH SUHVHQW ZRUN YDULRXV FRQILJXUDWLRQV RI WKLFNQHVV IRU WKH RYHUODSSLQJ ]RQHV EHWZHHQ
GLVWULEXWHG ORFDO PHVKHV IRU SDUDOOHO )(0 DUH HYDOXDWHG IRU /%- ZKHUH /%-x PHDQV /%- ZLWK x
OD\HUVRIRYHUODSSLQJHOHPHQWV
,W LV ZLGHO\ NQRZQ WKDW WKH UHRUGHULQJ RI YHUWLFHV VWURQJO\ DIIHFWV WKH FRQYHUJHQFH RI LWHUDWLYH
VROYHUVZLWK,/8W\SHSUHFRQGLWLRQHUV>@
,Q>@5&0HQWLUHQXPEHULQJZDVLQWURGXFHGZKHUHERWKWKHLQWHUQDODQGH[WHUQDOQRGHVLQHDFK
SDUWLWLRQDUH UHRUGHUHGDFFRUGLQJ WR WKH5HYHUVH&XWKLOO0FNHH5&0PHWKRG >@ ,WPD\EHQRWHG
WKDWERWKWKHEDQGZLGWKRIORFDOFRHIILFLHQWPDWULFHVDQGWKHQXPEHURIILOOLQ¶VRIIDFWRUL]HGPDWULFHV


















+,' >@ SURYLGHV D PHWKRG IRU GRPDLQ GHFRPSRVLWLRQ WKDW LV UREXVW DQG VFDODEOH IRU SDUDOOHO
SUHFRQGLWLRQHUVEDVHGRQWKH,/8DQG,&,QFRPSOHWH&KROHVN\IDFWRUL]DWLRQVDQGLWLVH[SHFWHGWREH
PRUHUREXVWWKDQ/%-EDVHGRQHV
7KH +,' SURFHVV VWDUWV ZLWK D SDUWLWLRQLQJ RI WKH JUDSK LQWR VXEJUDSKV ZKHUH WKHUH LV QR




JURXSV RI D ORZHU OHYHO ,Q >@ WKH FRQFHSWV RI FRQQHFWRUV RI GLIIHUHQW OHYHOV &N DUH LQWURGXFHG
ZKHUH&NFRQQHFWRUVDUHDGMDFHQWWRNVXEGRPDLQV)LJXUHDVKRZVWKHH[DPSOHRIWKHSDUWLWLRQRI
WKHWZRGLPHQVLRQDOJULGEDVHGRQDSRLQWVWHQFLO LQWRSDUWLWLRQVVXEGRPDLQV7KHQXPEHUVLQ
)LJDDQG)LJEGHQRWH ,'¶VRIsub-domain’s &FRQQHFWRUVDGMDFHQW WRHDFKFRQQHFWRU&NDW
HDFK OHYHO 1RWH WKDW GLIIHUHQW FRQQHFWRUV RI WKH VDPH OHYHO DUH QRW FRQQHFWHG GLUHFWO\ EXW DUH
VHSDUDWHG E\ FRQQHFWRUV RI KLJKHU OHYHOV ,I WKH XQNQRZQV DUH UHRUGHUHG DFFRUGLQJ WR WKHLU OHYHO
QXPEHUV IURPWKH ORZHVW WRKLJKHVW WKHEORFNVWUXFWXUHRI WKHUHRUGHUHGPDWUL[ LVDVVKRZQLQ)LJ
E7KLVEORFNVWUXFWXUH OHDGV WRDQDWXUDOSDUDOOHOLVPLI ,/8,&IDFWRUL]DWLRQRU IRUZDUGEDFNZDUG
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HIIHFW LQSDUDOOHOFRPSXWDWLRQVDQGDUHH[SHFWHG WREHPRUHUREXVW WKDQ/%-EDVHGRQHV ,Q>@ WKH
RULJLQDOSDUWLWLRQHUIRUWKH*HR)(0IRUGRPDLQGHFRPSRVLWLRQZDVPRGLILHGVRWKDWLWFRXOGFUHDWHD






















7KHFujitsu FX10 V\VWHP DW WKH8QLYHUVLW\ RI7RN\R Oakleaf-FX >@ LV D )XMLWVX 35,0(+3&
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)LUVW RI DOO WKH HIIHFW RI SDUDPHWHUV d DQG t LQ %,/87p,d,t+,'ZDV HYDOXDWHG LQ D ' OLQHDU
HODVWLFSUREOHP7KHPLQLPXPDQGPD[LPXPYDOXHVRI<RXQJ¶VPRGXOXVEminDQGEmaxDUHDQG
UHVSHFWLYHO\ZLWKDQDYHUDJHYDOXHRI)LJXUHDVKRZVWKHHIIHFWRItRQWKHFRQYHUJHQFH




FRPSXWDWLRQ WLPH IRU WKH OLQHDUVROYHUZKHUH WKH WLPH IRU IDFWRUL]DWLRQDQGGURSSLQJVHWXS LVQRW
LQFOXGHG,Q)LJDdLVIL[HGDVtLVYDULHGIURPWRuDQGWKHUHVXOWVDUHQRUPDOL]HG
E\WKRVHRIWKH%,/87+,'*HQHUDOO\VSHDNLQJNNZGHFUHDVHVDQGWKHQXPEHURI LWHUDWLRQV
XQWLOFRQYHUJHQFH LQFUHDVHV LId LQFUHDVHV%HFDXVH11=FRUUHVSRQGV WR WKHFRPSXWDWLRQDOFRVW IRU
HDFKLWHUDWLRQWKHSURGXFWRI11=DQGWKHQXPEHURILWHUDWLRQVZLOOEHWKHWLPHIRUFRPSXWDWLRQ,Q
WKLVFDVHt  uSURYLGHVWKHEHVWHIILFLHQF\IURPWKHYLHZSRLQWRIWRWDOFRPSXWDWLRQWLPH,It
LV RSWLPXP WKH HODSVHG FRPSXWDWLRQ WLPH IRU WKH OLQHDU VROYHURI WKH%,/87u+,' LV





7KHVH UHVXOWV VKRZ WKDW LQWURGXFLQJ WKH WKUHVKROG SDUDPHWHUd LV QRW HIIHFWLYH IRU LPSURYLQJ WKH






























































SDUDOOHO)(0 LVHYDOXDWHG IRU/%-ZKHUH/%-xPHDQV/%-ZLWKx OD\HUVRIRYHUODSSLQJHOHPHQWV
7KH PLQLPXP DQG PD[LPXP YDOXHV RI <RXQJ¶V PRGXOXV DUH  DQG  UHVSHFWLYHO\ ZLWK DQ
DYHUDJHYDOXHRI5&0(QWLUHLVDSSOLHGWRWKHQXPEHULQJRIGLVWULEXWHGORFDOPHVKHV
7DEOHVKRZV WKHUHVXOWVZKHUHYDOXHVRIdDQG tDUHVHW WR]HUR LQ%,/8p,d,t%HFDXVH/%-




WR WKHVHSDUDPHWHUV ,W LV FOHDU WKDW ODUJHU OHYHOVRI ILOOLQ¶V DQGGHSWKRIRYHUODSSLQJSURYLGHEHWWHU
FRQYHUJHQFH EXW WKH FRPSXWDWLRQ FRVW IRU ERWK WKH VHWXS DQG OLQHDU VROYHU LQFUHDVHV )LQGLQJ WKH
RSWLPXPFRPELQDWLRQRISDUDPHWHUVp, d, tDQGGHSWKRIRYHUODSSLQJxRI/%-x LVDYHU\FULWLFDO
LVVXHIRUHIILFLHQF\DQGUREXVWQHVV
7DEOH  (IIHFW RI WKH WKLFNQHVV RI WKH RYHUODSSLQJ ]RQHV RI /%- RQ WKH FRQYHUJHQFH DQG HIILFLHQF\ RI










%,/87/%- u㻌 㻌 㻌 㻌 㻌
%,/87/%- u㻌 㻌 㻌 㻌 㻌
%,/87/%- u㻌 㻌 㻌 㻌 㻌
%,/87/%- u㻌 㻌 㻌 㻌 㻌
%,/87/%- u㻌 㻌 㻌 㻌 㻌
%,/87/%- u㻌 㻌 㻌 㻌 㻌
%,/87/%- u㻌 㻌 㻌 㻌 㻌
%,/87/%- u㻌 㻌 㻌 㻌 㻌










DUH QRUPDOL]HG E\ WKH UHVXOWV RI %,/87/%- 7KH RSWLPXP YDOXH RI t DFFRUGLQJ WR WKH
PLQLPXP WLPH IRU WKH OLQHDU VROYHU LV  u  IRU %,/87t+,' DQG  u  IRU
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)LQDOO\ VWURQJ VFDOLQJ KDV EHHQ DSSOLHG WR D ' OLQHDU HODVWLF SUREOHP ZLWK  u  u 
YHUWLFHV u'2)XVLQJXS WRQRGHV FRUHVRI WKH2DNOHDI);V\VWHP)LJXUHV
D DQG E VKRZ WKH UHGXFWLRQ LQ WKH WRWDO HODSVHG WLPH IRU WKH OLQHDU VROYHUV DQG VHWXS
IDFWRUL]DWLRQDQGGURSSLQJE\VWURQJVFDOLQJ IURPFRUHV WRFRUHV7KHFRPSXWDWLRQ WLPH
IRUHDFKFDVHLVQRUPDOL]HGE\WKDWRI%,/87u+,'ZLWKFRUHV*HQHUDOO\VSHDNLQJ
%,/87u+,' DQG %,/87u/%- DUH FRPSHWLWLYH EXW






















&* ZLWK RSWLPXP t RQ WKH 2DNOHDI); QRUPDOL]HG E\ WRWDO HODSVHG FRPSXWDWLRQ WLPH VHWXS  VROYHU IRU







RI QRQ]HUR RIIGLDJRQDO FRPSRQHQWV RI WKH IDFWRUL]HG PDWUL[ ,Q HDFK RI >@ WKH DXWKRUV
SURSRVHG PHWKRGV IRU VHOHFWLRQ RI WKH RSWLPXP FRPELQDWLRQ RI SDUDPHWHUV 0D\HU SURSRVHG WKH
weighting dropping strategy>@ZKLFKPLQLPL]HV__A-M__ZKHUHMLVWKHSURGXFWRILpDQGUpDQG
Lp DQGUp DUH WKH ORZHUXSSHU WULDQJXODU PDWUL[ RI ,/87 IDFWRUL]DWLRQ RIA 7KLV PHWKRG LV PRUH
WKHRUHWLFDO WKDQRWKHUV DQG LW SURYLGHV UREXVW FRQYHUJHQFH HYHQ LI WKH GURSSLQJ WKUHVKROG LVRI WKH
RUGHURI*XSWDDQG*HRUJHHVWLPDWHGWKHRSWLPXPSDUDPHWHUVEDVHGRQWKHUHVXOWVIRURWKHUFDVHV
ZLWKVLPLODUFRQILJXUDWLRQV>@=KDQJHWDOSURSRVHGflexible factorization>@ZKLFKFRQWUROVWKH
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QR VWXGLHV UHODWHG WR ,/87 IRU SDUDOOHO FRPSXWLQJ EHFDXVH FRQYHUJHQFH LV VWURQJO\ DIIHFWHG E\ WKH
PHWKRGRIGRPDLQGHFRPSRVLWLRQDVVKRZQLQWKHSUHVHQWZRUN









W\SHV RI GRPDLQ GHFRPSRVLWLRQ SURFHGXUHV /%- /RFDOL]HG %ORFN -DFREL DQG +,' +LHUDUFKLFDO
,QWHUIDFH'HFRPSRVLWLRQZHUH FRQVLGHUHG7KHSURSRVHGPHWKRGVZHUH DSSOLHG WR+HWHUR'FRGH
ZKLFK LV D SDUDOOHO ILQLWHHOHPHQW EHQFKPDUN SURJUDP IRU VROLG PHFKDQLFV SUREOHPV DQG WKH FRGH
SURYLGHG H[FHOOHQW VFDODELOLW\ DQG UREXVWQHVV IRU XS WR  QRGHV  FRUHV RI WKH )XMLWVX
35,0(+3& ); 2DNOHDI); DW WKH ,QIRUPDWLRQ 7HFKQRORJ\ &HQWHU WKH 8QLYHUVLW\ RI 7RN\R




VWXGLHV 0RUHRYHU WKH SURSRVHG PHWKRGV VKRXOG EH HYDOXDWHG RQ YDULRXV W\SHV RI VXSHUFRPSXWHU
V\VWHPVDOWKRXJKRQO\WKH)XMLWVX35,0(+3&);V\VWHPKDVEHHQDSSOLHGLQWKLVVWXG\%DODQFH
DPRQJYDULRXV W\SHV RIKDUGZDUHSDUDPHWHUV LQ VXSHUFRPSXWHU V\VWHPV VXFKDV&38SHUIRUPDQFH
PHPRU\ EDQGZLGWK DQGQHWZRUNSHUIRUPDQFH LV LPSRUWDQW EHFDXVH LWPD\ DIIHFW WKH HIILFLHQF\ LQ
SDUDOOHOFRPSXWDWLRQZLWKODUJHQXPEHURIFRPSXWLQJQRGHV9DULRXVW\SHVRIDSSOLFDWLRQVZLWKZLGH
UDQJHRISUREOHPVL]HVVKRXOGEHHYDOXDWHGRQYDULRXVW\SHVRIVXSHUFRPSXWHUV\VWHPV
$OWKRXJK WKH HIIHFW RI LQWURGXFLQJ DGGLWLRQDO SDUDPHWHUV ZDV HYDOXDWHG LQ WKH SUHVHQW ZRUN
RSWLPL]LQJ WKHSDUDPHWHU VHOHFWLRQ LV DOVR LPSRUWDQW DV LWZLOO LPSURYH WKH HIILFLHQF\ LQ D UDQJHRI
VFLHQWLILF FRPSXWLQJ DSSOLFDWLRQV &XUUHQWO\ WKHUH KDYH EHHQ QR SUDFWLFDO VWXGLHV LQ WKLV DUHD IRU
SDUDOOHO FRPSXWLQJ DOWKRXJK WKHUH KDYH EHHQ VRPH IRU VHULDO FRPSXWLQJ VXFK DV >@  $V
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